Deficient perception and cognition in Parkinson's disease (PD) has been attributed to slow information processing, but an alternative explanation may be reduced signal strength. In 18 nondemented individuals with PD and 15 healthy adults, we enhanced the contrast level of rapidly flashed masked letters. The PD group required significantly higher contrast to reach criterion (80% accuracy). Normal motion detection in these participants indicated no gross, general dysfunction of the dorsal visual processing stream. These results suggest that putatively slowed processing in PD may be an artifact of reduced signal strength arising from depletion of dopamine in retina or cortical visual areas.
Introduction
Parkinson's disease (PD), a neurological disorder characterized by motor dysfunction, is also associated with deficits in perception and cognition. Deficits in basic vision are prevalent in PD and may contribute to difficulty on high-order visuospatial tasks requiring intact visual perception (Cronin-Golomb & Amick, 2001) . It is well documented that PD patients demonstrate impairments in the spatial and temporal domain on lowlevel visual tasks (Harris, 1998) . The contrast sensitivity curve is altered and in particular, sensitivity to middle and high spatial and temporal frequencies is reduced in PD patients on dopamine precursor therapy (BodisWollner et al., 1987) . Disrupted spatiotemporal contrast sensitivity in PD has been observed using psychophysical procedures and electrophysiological measures of retinal (Tagliati, Bodis-Wollner, & Yahr, 1996) and higher-level visual pathway functioning (Bodis-Wollner & Yahr, 1978) . Dopaminergic deficiency, which characterizes PD, likely accounts for changes in contrast sensitivity. In a comparison of individuals with PD who were on and off dopamine precursor therapy, the hypodopaminergic state was associated with a loss of sensitivity to middle and high spatiotemporal frequencies and increased sensitivity to low spatiotemporal frequencies (BodisWollner et al., 1987) . Disrupted retinal functioning has been proposed to account for contrast sensitivity changes, based on the observation that monkeys administered a dopamine-depleting agent to the retina have contrast sensitivity profiles similar to PD patients (Bodis-Wollner & Tzelepi, 1998) . In accord with this idea, autopsy of individuals with PD reveals reduced retinal dopamine levels (Harnois & DiPaolo, 1990 ; NguyenLegros, Harnois, DiPaolo, & Simon, 1993) . Visual dysfunction may also be related to alterations in dopamine levels in the visual cortex. Regan and Maxner (1987) found that PD patients demonstrated an orientation-selective deficit in contrast sensitivity, and orientation is not processed in earlier stages of the retinocalcarine pathway (Hubel & Wiesel, 1962 , 1968 .
Higher-level visual functions requiring temporal processing have not been studied to the same extent as contrast sensitivity. PD patients have reported difficulties in judging motion in everyday experience (Lee & Harris, 1999) . Elevated thresholds for motion detection have been noted when individuals with PD are required to indicate direction of motion (Trick, Kaskie, & Steinman, 1994) . PD patients were observed to require faster coherent motion speeds to accurately identify motion-defined letters compared to a healthy control group (Giaschi, Lang, & Regan, 1997) .
Backward masking, a type of task also dependent on the temporal response capacity of the visual system, has not been well examined in PD. Backward masking tasks call for the recognition of a rapidly presented target stimulus followed by an interfering visual stimulus, the mask. In the absence of the mask, processing of the target continues after the offset of the target. Presenting a pattern mask after target offset (backward masking) can interrupt this processing. Masking draws upon both retinal and cortical processes (Bowen & Wilson, 1994) . The mechanisms involved are not well understood, and it is unclear if the ventral (Rolls, Tovee, Purcell, Stewart, & Azzopardi, 1994) or dorsal (Husain, Shapiro, Martin, & Kennard, 1997) visual processing stream is preferentially involved. It has been found that healthy older adults are more susceptible to interference from the mask than are younger adults (Walsh, Till, & Williams, 1978) . To compensate for this deficit, older adults require a longer period of time between target offset and mask to correctly identify the target. This finding has commonly been interpreted as evidence that older adults are slow in information processing. As processing time increases, susceptibility to distraction and interference also increases, leading to greater risk for error. This interpretation is consistent with the broader view that decreased speed of processing may account for agerelated declines in a range of abilities. Numerous studies suggest that at least some of the age-related deficiency in performance of various cognitive tasks can be accounted for by decreased speed of processing (e.g., Salthouse, Hambrick, & McGuthry, 1998) .
Visual masking appears to be a suitable type of task for assessing speed of processing in PD. Slowed mentation, or bradyphrenia, is considered by some to be the cognitive analog to the motor slowing, or bradykinesia, that characterizes PD. Bradyphrenia has been a core explanation for some of the cognitive deficits associated with PD based on the same argument presented for nonpathological aging--as processing speed decreases, the likelihood of error increases (Brown & Marsden, 1990; Dobbs et al., 1993; Rogers, Lees, Smith, Trimble, & Stern, 1987) . Dobbs and colleagues found that measures of reaction time to a predictable or unpredictable target were better able to distinguish PD patients from healthy adults than were factors such as age. The authors concluded that slowed speed of processing is a defining symptom of PD. The premise that slowed processing underlies many cognitive deficits in PD is not accepted by all researchers, however. When controlling for peripheral factors such as age, depression, general mental status, and dementia, some studies reported that speed of processing does not appear to be significantly altered in PD (Duncombe, Bradshaw, Iansek, & Phillips, 1994; Russ & Seger, 1995) .
Masking tests often require simple letter identification. If individuals with PD require a longer target presentation to identify the letter than does a control group, then this may be evidence that cognitive slowing in PD exists not just on complex tasks (e.g., Brown & Marsden, 1990; Dobbs et al., 1993) , but also on relatively simple tasks of visual information processing. To date, a single study has examined visual masking performance in PD. To investigate bradyphrenia as a multifactorial process, Revonsuo, Portin, Kovikko, Rinne, and Rinne (1993) used forward visual masking (mask preceding target) to assess automatic information processing, which is described as a fast and unconscious mechanism. It was found that individuals with PD who were mildly impaired on several cognitive tests required significantly longer target letter durations for accurate target identification than did age-and educationmatched healthy participants and cognitively intact participants with PD. Revonsuo and colleagues concluded that there was evidence of slowed processing in PD at the level of automatic visual processing because the PD participants with mild cognitive impairment needed longer presentations of the target to escape the effects of the mask.
There is an alternative interpretation of the masking results by Revonsuo et al. (1993) . Gilmore, Seone, Thomas, and Xue (1995) hypothesized that because light sensitivity is known to decline with increasing age, impaired performance by older adults on a masking task might be the result of declining luminance sensitivity rather than slowed processing. They found that when young, middle-aged, and elderly adults performed a backward masking task at a fixed luminance level, increasing age was associated with an increasing number of errors. When the interstimulus interval was held constant but the target luminance levels were increased until participants met a specified criterion level of accuracy, older adults made the same number of errors as younger adults. This result suggests that it is the age-related decrease in luminance sensitivity and not cognitive slowing that leads to impaired masking performance.
Similarly, visual dysfunction rather than bradyphrenia may account for disrupted masking performance by PD patients. Changes in contrast sensitivity, which as described above are known to occur in PD, may result in degradation of the initial percept of the target and consequent impaired ability to detect it. The visual signal, already degraded, would be quite vulnerable to interference from the mask. Further, the onset of PD usually occurs later in life, and therefore changes in contrast sensitivity in this population may be compounded by normal age-related declines in light sensitivity (Eisner, Fleming, Klein, & Mauldin, 1987; McFarland, Domey, Warren, & Ward, 1960; McFarland & Fisher, 1955) .
In line with Gilmore et al. (1995) and with the literature on spatial contrast sensitivity deficits in PD, the hypothesis of the present study was that individuals with PD would require higher contrast levels than would healthy adults to detect rapidly flashed target stimuli. At a higher contrast level, the PD group would make the same number of errors as the healthy group. To assess whether there was gross, general dysfunction of the dorsal visual processing stream that could account for general deficits in temporal resolution in PD, motion detection thresholds were examined in the same participants.
Method

Participants
Participants included 18 individuals with PD (nine men, nine women) and 15 individuals who served as ageand education-matched healthy participants (seven men, eight women). Participants with PD were recruited from the Parkinson's Disease Clinic at the Boston Medical Center and through local support groups. Each PD participant's medical record was reviewed to confirm the diagnosis of idiopathic PD as opposed to postencephalitic or arteriosclerotic conditions or PD induced by the use of antipsychotic medications. No individual with PD had undergone surgery affecting the thalamus, basal ganglia, or other brain regions.
The participants with PD had a mean age of 59.9 years and mean education of 17.1 years. They were not demented as determined by their performance on the Mini-Mental State Exam (MMSE) (Folstein, Folstein, & McHugh, 1975) , with a mean score of 29.2 (see Table  1 for participant characteristics). The mean duration of the illness was 6.0 years (standard deviation, SD ¼ 3.4 years). PD participants were staged according to a measure of motor disability (Hoehn & Yahr, 1967) . All PD participants were in stages II-III (mild to moderate bilateral disability). Hoehn and Yahr stage did not significantly correlate with any of the experimental measures.
All PD participants were taking medication for their parkinsonian symptoms. At the time of testing the motor response was at its optimum (''on'' period). Ten participants followed a medication regimen that included a combination of levodopa/carbidopa therapy alone (n ¼ 2) or in combination with one other dopamine agonist (pramipexole, n ¼ 4, pergolide, n ¼ 3, or ropinerol, n ¼ 1). One participant was treated with levodopa/carbidopa therapy and the catechol-O-methyltransferase inhibitor entacapone. An additional three participants received levodopa/carbidopa therapy in combination with additional dopaminergic medications, and either the monoamine oxidase type B inhibitor selegiline (n ¼ 1), or amantadine, which stimulates dopamine release (n ¼ 2). One individual was being treated with levodopa/carbidopa therapy and tolcapone. Three individuals were being treated with a dopamine agonist and either selegiline (n ¼ 1), or the anticholinergic trihexyphenidyl (n ¼ 1), or amantadine (n ¼ 1).
The 15 members of the normal control group (NC) were community volunteers. The mean age was 59.8 years and the mean education level was 16.3 years. All performed within normal limits on the MMSE indicating good general mental status (mean ¼ 29.3). The PD and NC groups were well matched for age, education, and MMSE score (see Table 1 ).
All participants were interviewed about their medical history to rule out confounding diagnoses such as stroke, head injury, and serious medical illness. They also answered questions regarding ophthalmologic health to ensure that they did not have ocular/optical abnormalities. All of the participants, with the exception of one with PD, underwent detailed neuro-ophthalmological examination. The person who did not have an eye exam had normal acuity (20/25) and her performance fell within the same range as the other PD and NC participants on the experimental tasks. Neuroophthalmological examinations were conducted by the same neuro-ophthalmologist of the Boston University Eye Associates for all participants with the exception of one member of the control group. This participant's exam, completed by his own ophthalmologist, was 
Contrast sensitivity
The Vistech Contrast Sensitivity Chart (Vistech Consultants, Dayton OH) was used to assess static contrast sensitivity. The participants viewed the wall chart binocularly from a distance of 10 feet. This wall chart displayed a 9 by 5 array of circles, the diameter of each circle subtending 1.4°of visual angle. The mean luminance for each circle was 150 cd/m 2 . Contrast decreased monotonically in nine steps from left to right. Moving down a column, the gratings increased in spatial frequency, including 1.5, 3, 6, 12, and 18 cycles per degree. In each circle, the gratings were oriented either vertically, to the left or to the right. The participant's task was to indicate verbally or by hand posture the direction in which the lines were oriented. A contrast level was determined for each spatial frequency by finding the minimal perceptible contrast level needed to correctly identify the orientation of the grating for a given row.
Backward masking
In this test, participants identified briefly presented letters that were followed by a masking stimulus that served to interrupt the visual processing of the letters. Letter stimuli appeared on a monitor screen of a Mac G3 computer. Participants were dark adapted for 10 min to ensure maximal performance and the task was performed in a darkened room. The monitor was viewed binocularly from a distance of 16 in. Each of the four letters H, O, T, and X was 0.475 in. in height and subtended 1.7°of visual angle. Letters were displayed within a box measuring 256 · 256 pixels. This box functioned as a background and was held at a constant gray level. Stimuli were presented on the screen for 12 ms followed by a constant interstimulus interval of 59 ms, followed by a visual mask for 506 ms. The visual mask consisted of the overlapping letters H, O, T, and X and covered the entire 256 · 256 pixels of the gray background. The luminance of the target letters was varied using an adaptive threshold procedure to establish the luminance required to achieve 80% target identification accuracy. A 2.2 gamma function was used to relate gray level to display luminance. The minimum luminance of the gamma-corrected display was 19.2 cd/ m 2 and the maximum was 82.5 cd/m 2 . The participant's task was to name out loud the letter flashed on the screen. The examiner recorded the verbal responses, by keyboard.
The masking test was divided into four subtests. For each subtest, the only parameter that changed was the contrast level of the target stimulus. In the practice subtest, participants were run on 20 trials and the target letter was presented at the maximum contrast of 91%. This subtest ensured that the participant understood and could perform the task. The second subtest served as a second practice subtest to orient the participant to the process of threshold measurement. In this task, the target contrast required for the participant to achieve an error rate of 20% (80% accuracy) was determined using an interleaving staircase procedure. The stopping criterion in the threshold estimation was a standard error of 20%. The final threshold estimate was determined on a third subtest that used a stricter stopping criterion of a 15% standard error to once again determine the target contrast level required for participants to achieve an error rate of 20%. The latter threshold estimate was used as the estimate of the backward masking threshold. The final subtest consisted of 20 trials presented at the participant's final threshold level to ensure that the threshold estimate was reliable.
Contrast levels were calculated using the Michelson contrast formula, (max Lum ) min Lum)/(max Lum + min Lum), where max Lum equaled the luminance of the target and min Lum was the luminance of the constant background.
Motion
Two tasks were administered to measure motion detection thresholds. The single-field task was designed to be similar to that used by Gilmore and colleagues in studies of motion perception related to aging (Gilmore, Wenk, Naylor, & Stuve, 1992 ) and Alzheimer's disease (Gilmore, Wenk, Naylor, & Koss, 1994) . In this task, participants viewed a single centrally presented field in which coherent motion appeared to move either up or down. The participant's task was to verbally state the direction of coherent dot motion (up or down). The second task was designed after Mendola, CroninGolomb, Corkin, and Growdon (1995) . In this task, participants viewed two fields, one to the right and one to the left of a central fixation point. The distance between the two fields subtended 8.3°of visual angle (5.4 cm). The participant's task was to fixate centrally and indicate verbally whether the left or right field contained coherent dot motion. One of the two fields always had 0% coherent dot motion. Mendola and colleagues suggested that the latter task, which required detection of global motion, was a simpler discrimination that placed fewer cognitive demands on participants than would a single-field test.
Order of presentation of the tasks was counterbalanced across participants. The stimuli for the two tasks had the following common characteristics. The window of motion was 200 · 200 pixels subtending 6.9°of visual angle. Each dot subtended approximately 0.069°of visual angle. Each dot was displayed for 24 ms. The noise dots were randomly replotted. The stimuli making up the coherent motion were displaced approximately 0.276°in a common vector at a rate of 37.5 Hz to achieve a speed of motion of approximately 10.4 deg/s. There were 200 dots per frame for each display density of 4.2 dots/deg 2 or 2% dots/pixel 2 . The contrast of the display was set at 50% with average total display luminance of approximately 18 cd/m 2 . Participants viewed the monitor from a distance of 40.6 cm. The coherent dot motion varied from 0% to 100%. All participant responses were verbal. These responses were recorded by the examiner, by keyboard. Threshold was determined using a staircase procedure for both tasks with a stopping criterion of 25% standard error of the estimate.
Results
Contrast sensitivity
A split-plot factorial analysis with one between-subjects variable (Group) and one within-subjects variable (Spatial Frequency) was conducted to analyze the two groups' performance on the Vistech task. There was no main effect of Group (F ½1; 31 ¼ 0:1, n.s.). There was a significant main effect of Frequency (F ½4; 124 ¼ 60:8, p < 0:0001), which was expected because normal contrast sensitivity varies according to spatial frequency. The Group by Frequency interaction was not significant (F ½4; 124 ¼ 0:3, n.s.; Fig. 1 ).
Masking
Differences between groups on the masking task were analyzed using independent samples t-tests. The PD and control groups differed significantly for the contrast required to perform the masking task at the 20% error rate (t½31 ¼ 3:75, p ¼ 0:002) (Fig. 2) . PD participants required a mean contrast of 42.9% whereas the NC group required a mean contrast of 25.5% to perform the task at the criterion error rate. There was no significant difference between the number of errors made by the PD and NC groups at the criterion level of accuracy (20 trials at the participant's contrast threshold) (t½31 ¼ 1:8). The PD group had a mean of 4.8 errors (SD ¼ 3.0) and the NC group had a mean of 6.9 errors (SD ¼ 3.8).
Motion detection
In the one-field and two-field motion detection tasks, one and two participants' data, respectively, could not be collected due to technical problems. Differences between groups on the motion detection tasks were analyzed using independent samples t-tests. There was no significant difference between groups on the one-field motion detection task (t½30 ¼ 0:7, n.s.). There was also no significant difference between groups on the twofield, global motion detection task (t½29 ¼ 0:1, n.s.). The percent coherence required to detect global motion did not differ between groups for either task (Fig. 3) .
To examine the potential confound of gender on motion detection performance, an analysis of variance was conducted. There was no effect of gender on either the one-field motion detection task (F ½3; 28 ¼ 0:58, n.s.) or on the two-field motion detection task (F ½3; 27 ¼ 0:73, n.s.). The means for the one-field motion task were: male PD ¼ 9.9 (SD ¼ 4.5), male NC ¼ 9.8 (SD ¼ 7.9), female PD ¼ 9.0 (SD ¼ 5.8), female NC ¼ 6.5 
Discussion
The results of this study confirm the hypothesis that individuals with PD can perform normally on a backward masking task of letter identification when the contrast level of the target stimulus is enhanced. The PD group required significantly higher contrast levels to perform the masking task at criterion level than did the control group. At these adjusted contrast levels, PD patients performed at the same level of accuracy as the control group. Additionally, no differences were found between the control group and the PD group on either of the motion detection tasks, suggesting that the deficits in masking noted in the PD group are likely independent of processes involved in global motion perception. Revonsuo et al. (1993) found that only mildly cognitively deteriorated participants with PD (MMSE ¼ 25.6) were impaired on the visual masking task. In the current study, the PD group (MMSE ¼ 29.2) required significantly greater contrast levels for accurate target identification than did control participants who, like the PD patients, had no signs of dementia (MMSE ¼ 29.3). All participants were able to correctly identify a stimulus presented for only 12 ms with 80% accuracy as long as the contrast level was adjusted. In the study by Revonsuo and colleagues, accurate stimulus detection without contrast enhancement required much longer target durations. For accurate identification, the cognitively deteriorated group required a target to be present for 80.2 ms and the cognitively preserved group for 62.0 ms. Unlike in the present study, Revonsuo and colleagues' manipulation of increased stimulus duration was not successful in every case, with three of the 16 cognitively deteriorated PD participants unable to perform the task regardless of the duration of the stimulus. Because manipulation of stimulus duration did not consistently improve performance, it is unlikely that a deficit in processing speed completely accounted for the impaired PD performance in that study.
There are other possible explanations for deficient performance on visual masking tasks besides decreased processing speed. Masking involves both retinal and cortical processing (Bowen & Wilson, 1994) , and deficits in performance on masking tasks may result from dysfunction at the retinal or cortical level in PD. Autopsy of individuals with PD has revealed reductions in retinal dopamine levels (Harnois & DiPaolo, 1990; NguyenLegros et al., 1993) . Horizontal and amacrine cells have dopamine receptor sites and modulate bipolar and ganglion cell receptive fields (Werblin & Dowling, 1969) . Changes in dopamine levels may alter photoreceptor function leading to visual changes (Frederick, Rayborn, Laties, Lam, & Holyfield, 1982) . The contribution of dopamine-associated alterations in contrast sensitivity to performance on visual tasks has previously been noted (Calvert, Harris, & Phillipson, 1990 . Calvert et al. (1990) reported that participants in a hyperdopaminergic state (healthy adults given levodopa) performed on a task of tilt aftereffect using low stimulus contrast as if the contrast level had been raised. On a similar task of tilt aftereffect that differed only in the spatial frequency of the gratings, PD participants (associated with a hypodopaminergic state) performed like healthy normal adults viewing low contrast stimuli (Calvert et al., 1992) . Visual dysfunction may arise from alterations in dopamine function in other disorders as well, including phenylketonuria (Diamond & Herzberg, 1996) , amblyopia (Gottlob, Charlier, & Reinecke, 1992) , cocaine-withdrawal (Desai, Roy, Roy, Brown, & Smelson, 1997) and schizophrenia (Calvert et al., 1992; Phillipson & Harris, 1985; Shuwairi, Cronin-Golomb, McCarley, & O'Donnell, 2002) .
The neurochemical changes at the retinal level have been used to explain the alterations in contrast sensitivity noted in PD (Bodis-Wollner & Paulus, 1999) . In the present study, no gross difference between groups was found when comparing their contrast sensitivity profiles using a standard chart. Evidently, the chart test used in this study was not sensitive enough to detect the functional impairment in contrast sensitivity that existed in the PD group as established by their need for a significantly higher contrast level to perform the masking task at criterion level. This information may be important to patients because contrast sensitivity, if examined at all in the clinic, is measured almost exclusively with wall charts. Scores in the normal range may mask subtle impairments that impact upon performance in the visuocognitive processing domain.
Normal static contrast sensitivity profiles may have been observed because PD participants were tested while on dopamine replacement therapy. Reviewed in the in- troduction, dopamine precursor therapy ''normalizes'' the shape of the contrast sensitivity curve by enhancing sensitivity to middle and high spatial frequencies and attenuating sensitivity to low spatial frequencies. In accord with our results, Regan and Maxner (1987) reported similar performance for PD and control groups when using a standard chart. Static contrast sensitivity charts may be more sensitive to visual changes in the absence of dopamine therapy. Disrupted contrast sensitivity profiles for static spatial information have been noted in medicated PD participants when stimuli were presented on a computer monitor screen and thresholds were determined with precise psychophysical methods (e.g., Bodis-Wollner et al., 1987) . It is noteworthy that whereas dopamine replacement therapy may have normalized performance on the static contrast sensitivity chart, it apparently could not normalize performance in the dynamic condition of the masking task.
Normal static contrast sensitivity for spatial stimuli and the need for contrast enhancement to accurately identify briefly presented targets suggest that contrast sensitivity impairments in PD may be more pronounced when stimuli are temporally modulated. Mestre, Blin, Serratrice, and Pailhouse (1990) noted normal static spatial contrast sensitivity but disrupted spatiotemporal contrast sensitivity in PD patients. In the current study, PD patients demonstrated normal coherent motion perception, indicating that disrupted temporal resolution does not completely account for PD participants' impaired performance on the masking task. Rather, masking may be sensitive for detecting visual dysfunction because it places demands on the visual system (reduced contrast and rapid presentation of stimuli) as well as on higher-order processes (letter identification). A previous study that required identification of motiondefined letters, created by coherent dot motion within the spatial confines of the target letter, found that PD patients required faster dot motion than did a control group for accurate target identification (Giaschi et al., 1997) . Giaschi and colleagues observed normal contrast sensitivity for stimuli that were static or temporally modulated spatial gratings. These convergent findings suggest that PD patients are likely to be most impaired on tasks that require the interaction of visual perception with higher-order cognitive processes.
Some of the visual deficits noted in PD may arise from dysfunction of the visual cortex. Individuals with PD have reduced contrast sensitivity depending upon the orientation of stimuli (Bulens, Meerwaldt, & van der Wildt, 1988; Regan & Maxner, 1987) . Orientation is believed to be processed first in the visual cortex rather than earlier in the retinocalcarine pathway (Hubel & Wiesel, 1962 , 1968 . Dopamine receptors are found in the occipital lobe (Parkinson, 1989; Phillipson, Kilpatrick, & Jones, 1987; Rakic & Lidow, 1995) . While dopamine levels in the occipital lobes of patients with PD have yet to be measured, it is possible that the neuropathology of this disease leads to deficits in visual abilities dependent upon visual cortex.
Dorsal stream dysfunction has been implicated in deficient performance on masking tasks (Husain et al., 1997; Saccuzzo, Cadenhead, & Braff, 1996) . In PD, some aspects of dorsal stream function may be altered. The dorsolateral prefrontal cortex is highly interconnected with the posterior parietal lobes, a main component of the dorsal visual processing pathway. Together they form one of the main cortical contributions to the basal ganglia-thalamocortical circuit (Middleton & Strick, 2000) . The dorsolateral prefrontal cortex and the posterior parietal lobe form the main component of a large circuit specialized for spatial behavior (Selemon & Goldman-Rakic, 1988) . In PD, the dorsolateral prefrontal cortex is disrupted as a result of decreased dopamine availability in the striatum, which is also likely to alter parietal-lobe functioning. As a result, visuospatial deficits will be noted in these patients (Cronin-Golomb & Braun, 1997) . Supporting this contention, there are numerous visuospatial deficits observed in PD that are similar to those that arise from lesions to the parietal lobes (Cronin-Golomb & Amick, 2001) . The dorsal stream is not, however, completely dysfunctional, as evidenced by normal motion detection in our sample of patients with PD.
The current finding of intact motion perception is not consistent with another report of deficient performance by medicated PD patients on a task of global motion perception that, like ours, used coherent motion dot displays (Trick et al., 1994) . These conflicting findings may be due to differences in experimental methods. Trick and colleagues had participants indicate the direction of global motion using a four-alternative forcedchoice design (left, right, up, or down) , whereas the present study employed only two alternatives, with participants indicating whether motion was up vs. down (one-field task) or present in the left vs. right field (twofield task). As we have pointed out in other studies, twoalternative forced-choice design may elicit normal performance of motion detection in individuals who would show impairments on motion detection tasks with higher cognitive demands (Cronin-Golomb, 1995; Gilmore et al., 1994; Mendola et al., 1995) .
Intact detection of coherent motion but impaired visual masking and visuospatial dysfunction suggest that the neuropathology of PD differentially impacts regions within the visual system. It appears that certain parts of the dorsal stream are affected (e.g., those involved in visuospatial cognition), whereas other areas remain relatively intact (e.g., regions that contribute to backward visual masking, assuming sufficient stimulus strength). It is possible that dopamine replacement therapy differentially affects the vulnerability of the various regions, enhancing static contrast sensitivity and motion detection of coherent dots but not improving performance on tasks such as letter-identification masking under normal contrast conditions.
In the present study, we found that when target contrast was enhanced, individuals with PD could perform a backward masking task of letter identification as well as control participants. The same patients with PD did not demonstrate deficits in motion detection, indicating relative sparing of at least some aspects of dorsal visual processing stream functioning. It appears that cognitive slowing does not necessarily account for deficient performance on tests of masking in PD, because when proximal signal strength is enhanced, performance accuracy can be normalized. The results suggest that a weakened proximal signal may underlie a number of perceptual and cognitive impairments that have been attributed to bradyphrenia, or cognitive slowing, in PD.
